This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLAM (uspto) 



Searching PAJ 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-1 64852 

(43)Date of publication of application : 16.06.2000 



(51)Int.CI. 




H01L 29/778 








H01L 21/338 








H01L 29/812 




(21)Application number 


10-334121 


(71)Applicant 


HITACHI CABLE LTD 


(22)Date of filing : 


25.11.1998 


(72)Inventor : 


TSUCHIYA TADAITSU 



(54) GALLIUM-INDIUM-NITRIDE-ARSENIDE BASED EPITAXIAL WAFER AND HIGH 
ELECTRON MOBILITY TRANSISTOR USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize GalnNAs-based 
HEMTflnigh electron mobility transistor) on a GaAs wafer 
to obtain a high performance HEMT capable of providing 
low-noise amplification. 

SOLUTION: An epitaxial wafer comprises a gallium 
arsenide wafer 1 with its surface laminated in order of 
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b**u hi o^M^m^ji 2 1 
3 ft 2 3 1 nmzmvutnm e 

[005 l]f5©^Wifti (^- fi) 6(7) 
f^fflS!)*l4@3(7>»-g-t|^L:-C*>t3, tt*U*>{tL 

fk£-&¥j*flcjg ttts&ftfc^-^ujg) 7»^ffl^(i 
[0 0 5 2] f***7T-|4, SB2<D{fc-g-#J¥*flcil (if- 

[0 0 5 3] 12 OYk^^^flEJi (^^^fg) 3 , 4 
feSrSBlffl^T'O^G a A s JC^S^-i-S^b, -«* 
WiGaAsiliSfi^UiV^ HMM»ft 

T, »2^b««¥«»« (5^*/M§) 3«4GaAs 

[0054] IS** 1 1 | 4s ^ 2 oyk^^^^fr® 
ir^/US) 3 t^3 0fk^^«cS (^ +! ;7 W 

tt«-»4M*4:AjAM«|i4{)K l < , MlcH 2 ^k^-fe^iS 
<*J1 (^^^®) 3(^14^*5^4^5^^ ^ oSlJ 

^ic^^k^-fribtLS. 

[0 0 5 5] !*** 1 3 14, IS** 1 , 2 . 3 , 4 , 
5< 6, 7, 8, 9, 10, 1 13U41 2iE«<7>£fk8t 

5 0 IWH EMTfi, WittfHl OlC*-fjta<, Btfk^ 

(7- + **J|) 3> ttff 2 Ofk#tt¥<»»JI 3 
«t*Jm^fD*ro/h$/ <f ^3<Ofk^^!9ft:/i (# +! ; 
T«^S) 4 5rlfi^«®L. 2 <Dfk»«¥i»»J| 
-t^/t-^) 3 «tS3<Dik^-#)i)iag«:^ (t + |)7« 
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[0 0 5 6] 

[»H£0»J] H7, H8, B9 (a) - (f) 

<om&mt Lxmtmt# i J <? a>t tr** 

^/U^zc'N^IBStfligA — F^^-To £fc0io(c 

I*, 1217 (a) OljbW^A^y^r)A^xt^ io 

i?<yj±% i mm : f-&m&b : 7>i>x? (hemt) cov^m 
[oo5 7] ^9*>s*ji'm<»i&&temm&j&%te=- 
b y tv-^jf}) m^/^^ 

Lfco J&^JE^te&jO. l^EE, *SI«li7 0 0ti 
Lfc 0 SfiWl*ft»ttGaAs4rft^L, ^0®;*f{i 20 
(1(10 0) £ Lfc 0 
[0058] 07-118 (a) - (c) d^-f^. * 

[0 0 5 9 ] rc09^>, 0 7 (a) Oj|*«Al:ff5x 
s Igl-g 1 1 ±lc 0 . 5 /i m<DT V K— r?G a A s s< y 7 

7ii2 Srlfctt, ^(D^yVrM 1 2 ojzic, if:£ 1 5 

, nm<DT> K— a I n N A s ^-V^/UJI 1 3 3rff^L 30 
tz 0 ^(D±[C > ^H2nm07yK-yAlGaAs7^ 
— tm 1 6 ^LTn^OA lGaAs^y 
1 4 5 0nmt£tt, HEMTM^t'^^v't/^ 

©AlMli*l:o. 2 8T£>5 e 

[0 0 6 0] 07 (b) OlIjBMBKffiS^fc"*:*^* 
yw*^ mmm&B) (2, MittGaAsSil 1 
±(C0. 5 /x m(7)7y K—^G aAs^^7rll 2 
t % 1?$ 1 SnmCOT V K—^G a I n N A s ^^/Ujf 
13SriWU ^<0±(C % HH2nni07y K-^G 40 
aos I no.<8 P^^-tl26^ltnIOGa 
o.s I n o.48 P yr^jteii 2 4 £J?£ 4 OnmiftJt, 

[0 0 6 1 ) 18 (c) c7)^Jg0ijC(C«6^e^^^-v 
A-*^ (*a/It$i£C) ti, *«ftttGaAsS«l 1 
JilClO. 5 v m<DT> K— 7"G aAss<y7rMl 2 
t , J¥£ 1 SnmtOT^ K-ZGa I n N A s ^^^J^M 
1 3£J|gfcfl£j£U *r60±{C, HIJ?2nmCOT> K— ^A 
1 G a I n N A s -tf-Ji 3 6 ^^LTniOA 1 G 

a I n N A s ^rt y 7^1 3 4 ^Jf ^ 4 Onml^lt, H 50 



EMT Wig 31 f^-^^-N'/u^^^N^r^/^Lfco 
[0 0 6 2 1(38 (d) <C^r*«tflDlC«*3:b'** 
-> + /U£:fi>^ (ffi/!«itD) Ji v El 7 (a) K^LfcfB 

1 3 t ^OO-hifliJCOT >- K— -7 A 1 G a A s tf-JB 4 

<t<7)ffl(C, ff$ SnmOTV K— ^ I n * G a i-x Asi 

H 4 (c #(6-r 5 Hlfii3fiJ T* fo 6 o 

[0 0 6 3] mm^, 0 9 (e) lC^1-HJfe#]ElC<e&5 
X^^r^yur)x/N («S«ifiE) It 07 (a) C 
^LfclBJifaigtC&^T, 7yK-7 , Ga I nNAs^ 
-Y^^m 1 3 ir^OTftiJOT >- K— T'G a A s 
S 1 2 ^Of^d, m£ 5ninOTy K— no.i G a 
0.9 Asll7 ^M^J^^^-V^^t LTt¥ALfct> 

[0 0 6 4] 09 (f) lC^-fmffi,&iF * 

i/*r/is$^^ mmmmiF) i*. 07 (to (c^ l^is 

^^jgtC^oH-^T V K— ^G a I n NA s ^-Y^Mf 1 
3£, T> hWGa I nNPft^|2 3 lZ{X?Ltz 

[0 0 6 5] rtlbO^ t°^^r^>-v/l.^aiXN (flMftjg 
A-F) C02DEG^^rit:^-r>5/c^ > MjCjSV^T 
C-VSiJ^MW-Ha 1 \m7£*ftotz 0 100 kHz 
X'CDC-vmfc^X V , ^TPMlCltl6 2DEGf 
^ ?CDM:±*^ y 7SKN p e a k £-$j£Lfc e r r. 
*IB*fei:LT, 1 X 1 0 18 cm 3 £E 1 8 T\ 1X10 
19 cnr 3 & E 1 9 T% 1 X 1 0 12 cm 3 E 1 2 T*^ Ufc 0 
:W2DEGONp e a k V^^^ ^tiT V >6 £ t 

t-^^> 0 ^/"C, van der P a uwj£CJ:-5Ha 
1 iMfelZX*) 2DEG<D->- ^4t!)78«Ns, H 
a 1 01 10>a6*»itA % BirO+i 

[0066] ^1(C % Ga I n NA s iHEMTxf^ 
^r^-^yU^^^COC- VilJ^MWCH a 1 1 ^j^CD^^ 
^^i"o *1. ^2 l-Hi&tfijA— F^: lt/Ttxt^^r 

C/^/^">^>'^^7)^^itfi, 07-191: (a) — 
(f) <t L-C^L^aa«itA-Fi:^LTt>-5o * 
tt*fi»jA,..B«, itfeOfc*!), 011 (a) , 

(b) (ci^i-^^J: f3fflv^btiTi>6^tr^^f>^^r> 

[0 0 6 7 ] *nmm<Dmmm& A~~Fxn, 

2DEGt'-^i^^rt y 7MN pea 
k<b, 2 D E G h t y 7»KN s Idol >t , l> 

■f*lfct£*«ig (t«*«A, B) ^^<UC 

^Wi^ A- F COoi fc:*^ /Ufifcft*f**a»-C# X I > 

*V^-e, •tW»SEfig^liH(Ci«l^ < tS4bn6o Ha 1 



(8) 



2000-1 64852 



14 



10 0 6 8] B8 (d) lC*i-««»itD(OG a 

I n N A s iHEMTieMy-f/^x^ti^x, 
^ + ^U®r-*, 5 I n x G a i.» A si 1 
5<Dl nAsiftfttfcx lCoi>T*KLt. g 2 |;, - W 
i»Wt^lT'i5ln I Gai. I AsflSO 
I n A s igiilit x & x = 0. 15^>ibO. 05fo x = 
0. 3 5tftx.fciJ©Ha| l»t«58ftt*t. 



[0 0 6 91 
[« 1 ] 





Npeak(cm" 3 ) 


Ns(cw* 2 ) 


NS(CB~ 2 ) 




2. 4 E 1 8 


2. 0 E 1 2 


7 0 0 0 




2. 7 E 1 8 


2. 2 E 1 2 


6 5 0 0 


£fttf!lA 


5. 4 E 1 8 


4. 5 E 1 2 


5 8 0 0 




5. 8 E 1 8 


4. 8 E 1 2 


5 5 0 0 




1 . 0 E 1 9 


8. 0 E 1 2 


6 2 0 0 




5. 4 E 1 8 


4. 5 E 1 2 


6 2 0 0 




5. 0 E 1 8 


5. 0 E 1 2 


6 5 0 0 



[0 0 7 0] 





InAsSSJrtx 


Npeak(cn" 3 ) 


Ns(cif 2 ) 








2. 4 E 1 8 


2. 0 E 1 2 


7 0 0 0 




0. 1 5 


5.1 E 1 8 


4. 2 E 1 2 


6 2 0 0 


0.2 0 


5. 1 E 1 8 


4 . 3 E 1 2 


6 2 0 0 


0.2 5 


5. 4 E 1 8 


4. 5 E 1 2 


6 8 0 0 


0.3 0 


5. 5 E 1 8 


4. 6 E 1 2 


6 8 0 0 


0.3 5 


6. 0 E 1 8 


4 . 8 E 1 2 


6 8 0 0 



[oo7i] ±tE<Dj:5fc, *mtem<ommmmA~-F 

[0 0 7 2] tnfMftlj, InGaAsWInAs 
)Sf B ltlCoVv-CI4Hai$OiiK) i nA s iatt25%J;9 
a»«0»**t|MiS. L*»U l2»f«(|: (A 1 G a 
InNPAs) ro«*Jt|co^-Ctt, EttftftSUtt;* 

[0073] *mmmmRvnmm<oG a i„na S i 

^PHEMT^DHHEMTOM^icrtJ.^ 
5BT«gtt«r|K4(>TV>5. BP*,, Ga I nNAs&HEM 

S^4T-. «r»ciiBittSlffi*TO*^«t^ • W^iiffSft 
[0 0 7 4 ] 



30 



50 



a I nNAslHEMT^fU 

[Ell **Wro*10*lfi»ttK:««Ga UNAs 
m ^ f * * > + "7 ^ y n 05 #r®|g T . & .5 o 

[0 2] *&m<Dm2<nmMMte\z&z,G a i „ NA 8 

^ ^ e * * -> + ? oi ^<7> WSIH X' h -5 . 
IE13] *«M»«3fflSWilCi5Gal nNA s 

[0 4] *&W<D<%4<nnteKmiC&ZGa I nNA s 
3^ ^i^ + ^^iyNCO^fBU-Cfes,, 

nasi *&w<nms<DMimm\z&z>G a una s 

[0 6 J *|gB,f}o£ 6 nmMKmiZ&Z G a I n N A s 

^ f * dr -> + ,»H7 1 ^ mm x- $> 5 . 

[137] JWBWOGa I nNAsixf^-^^ 
'><0*lfi««r*L!tfcro-C. (a) »Xlt«AlCffi6« 
■ *Jta>«aE0. ( b ) l±HJ£0tjB{c^5«s«ig W |Bj 

[08] *369](OGa I nNAsIif^y^^ 
Lfcfcro-C. ( c ) MCHJ£04CIC«28| 
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[09] * 36 lfl COG a I nNAs^xt'^^yty^i 

[Hi 0] OU 7 (a) COm fc e ^ ^> /U- r> L 
/cGa I nNA s*HEMT<75»rffi«jgIg|-C*>5o 

[Hi 1] ^WHEMTxt^^-^t^^x/N^L 
fct>0"C\ (a) liffiMffl^tltl^AlGaAs^ 

«r^H, (b) litt**WBS*LT^*Ga i n 



P ^ H E M T ^ f * * > -v y u £ ^ / n co lifr ffii W ig ( IE & fi» j 
Bco«iS) Sr^i-H-ofes. 
[«F*coKW] 

1 4M&^t±G a A s Sfi 

2 ft 1 Wffc^^Wffr {'<v?Tm) 

3 ft 2 a{b£«H*WfrJI (^ + */HB) 

4 ft 3 (Bfc^ft^WftJI (*+yr««a) 

5 ft 4 <0fc£«¥WttJI (»»Wfc^ + *yuJB) 



im i ] 



« 1 (Mb&to^-mwa 



. 4 
3 

2 
1 



• * * iUj» 3 :Gi I n N A s , G a I nNP« 



[132] 



SB 3 <r><t*to*mt*M ( * * y 7^0) 



ft 4 <7Mfc£«j**f*IB ft* * * * JVM) 



SS 1 tf)ffc£*a*i*f*» (/<7 7 7 S) 



• m?-«*o a : raa&frf) $ * * jus 5 > * * u 4 



[13] 



[B4]' 



85 3 0>fb&Ua**WI (^-f'JTMafcff) 



5? 5 <7Mb£*fr***H *B> 



ft 2 0>tt£fe¥ttf*fli (^**/uH) 



6 
3 

2 
1 



ft 3 <7MbS-*a¥*#B( * r T'SU&H) 



ft 5 cXbtS^SttJgC*^ - 



ft 2 <r)it£ft*2M*m (Tv*)ism 



4 
6 

5 

3 
2 



15] 



SR 2 *Mb^tt!**tt« iTv*)i>m) 



3 
7 

2 



[i6] 



ftSOfb******* (Km&**r*>l>m) 



ft 1 tf><b**i)**<*» </<->77l) 



6 
3 

7 
2 
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n-A l 0 a a72 A s(**'JFmi8H) 5 0nm - 


1 4 


n-AI6alnNAs(*t'J?i|) 40nm - 


—-3 4 


un-GelnNA 3 (ff^HB) I5nm - 


— 1 6 

— 1 3 


un-AlGBlnNAs(^^-tB) 2nm — 
un-GalnNAslft^H) 15nm — 


— 36 

— \ 3 

— 1 2 

— 1 1 


un-GaAs(A- 7 7 7 I) 0.5^ 


— 1 2 


u n-G a A 5 {/\' v 7 7 B) 0.5um _ 




— 1 1 


*fc4*ttGaA S jMg 



(b) 



n-Ga a52 l n^Pt^MT'fcfcjB) 4 Onm 



un-Ga ftR ,| n fl4<t P(**c— 2nV H 
un-Ga I nNAs(ffHl) I 5nm 



2 4 
h- 2 6 
1 3 



o n-G a A j(/{"/77l) 



0. 5 urn 



1 2 
1 1 



(d) 



n-A l 0 , 26 Ga 072 As(4--f gy^ |&|g) 5 0nm 



un-l n,Ga y. x A i 



un-Ga I n N A s (***/UJB) 



1 5 nr 



un-GaAs(Ay7 T |) 



0. S 



- 1 4 

1 6 
1 5 
1 3 

1 2 
1 1 



[19] 
(e) 

lQ.28Ga a72 As(^y'J7'ft»JB) 5 Onm 



u n-A l a2B G afl, 7? As{^- *>JB) 2nm 



un-Ga I nNA«(f 



1 5 n m 



t n- I n ai G e aa Ai 



5 n m 



u n - G a A s (/C? 7yJH) 



0. 5 iim 



**I»«G aAaStS 



- 1 4 

1 6 

1 3 

1 7 

1 2 
1 1 



(f ) 



1 5 nm 



u n-G a A • (/< v 7^1) 



0.5 , 



*Jfe»1iGa Asfctfi 



• 2 4 

2 6 
2 3 

1 2 
1 1 



f 1 0] 



jr 



1 0 



n-A l 0 .28 G *0.72Ai:(** , >l7miS«) 



U n-A l ft2 aC«Q.»A»(*' 1 '— »J1) 



u n-G a I nNA *(^**/UJB) 



u n-G a As(/<-v7?ff) 



^GaAsSfi 
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mil] 
(a) 



n " AI 0.Z9 Ga 0.72 A5 ^ v ' j77 ^ B) SOnm 
u n- A l 0 28 G a 0 72 A s {Z<^-Vm) 2 n m 



u n-G a A s (A'y 7 71) 



0. 5 <i m 



4 4 
4 6 
4 3 

4 2 
4 1 



(b) 



n-Ga 0 S l n 0 ^P(^r VrmtiM) 


4 0 n m 






5 4 


un-G8 fl52 l n 0 46 P(^^-*») 


2 n m 






5 6 


u n - 1 n 0 jjjG a 0 80 A 


1 5 n m 






4 3 


u n-G a A $(^7 77®) 


0. 5 n m 






4 2 










4 1 



